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Luminescenta b s t r a c t
Reaction of a flexible ligand 2,4-diamino-6-[2-(2-methyl-1-imidazolyl) ethyl]-1,3,5-triazine (L) with Ag(I)
in the presence of different counteranions afforded five complexes, namely, 2[Agn(L)n(NH3)n]n[Ag2(L)2
(NH3)2]2n(nds) (1, H2nds = 1,5-naphthalenedisulfonic acid), 2[Agn(L)n]n[Ag2(L)2(CF3CO2)2]nCF3CO2 (2),
[Ag2(L)2(NH3)2]2(ClO4) (3), [Ag2(L)2]2(NO3) (4), [Ag2(L)2]2(ClO3) (5), which were characterized by ele-
ment analysis, IR, PXRD and X-ray single-crystal diffraction. Structural analysis reveals that the L ligand
take the same bidentate coordination mode in these complexes. The nds anion and the CF3CO

2 anion lead
to the coexistence of isomeric metallacycle and helical chain (ring-opening isomers) in the crystals of 1




3 anions afford dimeric metallacycles in complexes 3–5. Moreover,
thermal gravity analysis (TGA) and emissive behaviors of these complexes were investigated.
 2015 Elsevier B.V. All rights reserved.Introduction self-assembly greatly depends on the information stored on theIn the recent decades, coordination complexes (CCs) have
attracted considerable attention due to their intriguing structural
features and their potential applications in many fields. Generally,
the structures and properties of such complexes obtained frommetal centers and the organic ligands. On the other hand, the pro-
duction of these complexes is also affected by other factors such
as counteranions, solvents and temperature. Among the above fac-
tors, counteranions not only can serve as balance charges but also
can act as true structure-directing agents [1–8]. Counteranions with
different coordination abilities, sizes, and geometries may cause sig-
nificant structural changes of the resultant complexes [9–15].
Melamine derivatives are well known for their brilliant
supramolecular interaction abilities to construct remarkable
58 H.-X. Mei et al. / Journal of Molecular Structure 1091 (2015) 57–64architectures which may have applications in host–guest chem-
istry, catalysis, anion recognition, sensoring, electronics and mag-
netism [16–23]. Furthermore, the excellent H-bonding ability of
diaminotriazinyl (DAT) group has been successfully used in com-
bination with coordination bonds in some DAT based rigid ligands
for crystal engineering [24–28]. However, there are still no reports
of flexible ligands incorporating the DAT group, and in this work,
we selected a flexible ligand 2,4-diamino-6-[2-(2-methyl-1-im-
idazolyl) ethyl]-1,3,5-triazine (L) based on the following reasons.
Firstly, the coordination behavior of the DAT group in flexible
ligands is still to be explored. It has been shown that both the
endocyclic and exocyclic nitrogen atoms can ligate metal ions
and the DAT group can ligate up to five metal atoms in ligands con-
taining the DAT and other noncoordinating groups [29,8,30–34].
However, the electron-deficient character of the triazine ring
determines that the coordination involving the DAT group must
be weaker than the coordination involving other groups, such as
pyridine and imidazole. In rigid ligands incorporating the DAT
and other coordinating groups, the DAT group generally does not
engage in coordination [35]. Thus, it is interesting to explore
whether the flexibility of the L ligand allow the DAT group to
coordinate together with the imidazole group. Secondly, the L
ligand can provide multiple supramolecular interaction sites. In
the L ligand, the DAT group can donate up to three H-bonding
acceptors and four H-bonding donors, also, both the triazine ring
and the imidazole ring have the p-interaction abilities. It is
expected that the L ligand could involve in strong supramolecular
interactions with other components, such as counteranions and
solvents, which may exert profound effects in the self-assembly
process and the architectures of the final products, especially in
the Ag(I) system due to the modest stereochemical preferences
of the Ag(I) ion [36–40].
Sparked by the above-mentioned points, and as a continuation
of our work in Ag(I) CCs with melamine-based ligands [30–32,41],
herein, we present five Ag(I) complexes of 2,4-diamino-6-[2-(2-
methyl-1-imidazolyl) ethyl]-1,3,5-triazine, with different anions,
namely, 2[Agn(L)n(NH3)n]n[Ag2(L)2(NH3)2]2n(nds) (1, H2nds =
1,5-naphthalenedisulfonic acid), 2[Agn(L)n]n[Ag2(L)2(CF3CO2)2]
nCF3CO2 (2), [Ag2(L)2(NH3)2]2(ClO4) (3), [Ag2(L)2]2(NO3) (4),
[Ag2(L)2]2(ClO3) (5). Out of these complexes, both 1 and 2 contain
isomeric metallacycle and helical chain (ring-opening isomers),
while complexes 3–5 display three dimeric metallacycles.
Furthermore, emissive behaviors of these complexes are
discussed.Experimental
Materials and methods
All chemicals of analytical grade were obtained from commer-
cial sources and used without further purification. Distilled H2O
was used in the reactions. Elemental analyses was performed on
a CE instruments EA 1110 elemental analyzer. IR spectrum was
recorded on a Nicolet 330 FTIR Spectrometer in the range of
4000–400 cm1 using KBr pellets. X-ray powder diffractions were
collected on a Panalytical X-Pert pro diffractometer with Cu Ka
radiation. Thermogravimetric analyses was performed on SDTQ600 instrument from 30 to 900 C at the heating rate of 10 C/
min under the N2 atmosphere (20 mL/min).
Preparation
2[Agn(L)n(NH3)n]n[Ag2(L)2(NH3)2]2n(nds) (1)
A mixture of Ag2O (23.2 mg, 0.1 mmol), L (43.8 mg, 0.2 mmol)
and H2nds4H2O (36.1 mg, 0.1 mmol) was stirred in ethanol/water
mixed solvent (8 mL, v/v: 1/1), and a aqueous NH3 solution (25%,
2 mL) was dropped into the mixture to give a clear solution under
ultrasonic treatment. The resultant solution was filtered and then
placed in darkness to evaporate slowly at room temperature for
several days to afford colorless crystals of 1 (yield 43%, based on
silver). Anal. Calc. (found) for Ag2C28H38N16O6S2: C, 34.51 (34.32),
H, 3.93 (3.89); N, 23.00 (23.05)%. Selected IR peaks (cm1): 3458
(s), 3310 (s), 3110 (s, sh), 1674 (s), 1632 (s), 1541 (s), 1449 (s),
1405 (s, sh), 1202 (s, SO), 1189 (s, SO), 1159 (s, SO), 1019 (m,
SO), 757 (m), 618 (m).
2[Agn(L)n]n[Ag2(L)2(CF3CO2)2]nCF3CO2 (2)
Crystals of complex 2 were obtained in a method similar to that
of complex 1, except the replacement of H2nds4H2O by
CF3COONa3H2O (27.2 mg, 0.2 mmol). (yield 52% based on silver).
Elemental analysis: Anal. Calc. (found) for Ag2C22H26F6N14O4: C
30.02 (29.85), H 2.98 (2.99), N 22.28 (22.38)%. Selected IR peaks
(cm-1): 3377 (s), 3213 (s), 3140 (s, sh), 1676 (vs), 1633 (vs),
1581 (vs CO), 1540 (vs CO), 1468 (s), 1445 (s), 1431 (s), 1120 (s,
sh), 716 (s, CF).
[Ag2(L)2(NH3)2]2(ClO4) (3)
Crystals of complex 3 were obtained in a method similar to that
of complex 1, except the replacement of H2nds4H2O by NaClO4
(28.1 mg, 0.2 mmol). (yield 45%, based on silver). Anal. Calc. (found)
for Ag2C18H32Cl2N16O8: C 24.37 (24.25), H 3.64 (3.13), N 25.26
(25.03)%. Selected IR peaks (cm1): 3462 (s), 3427 (s), 3219 (s),
1639 (s), 1540 (s, sh), 1460 (s), 1404 (s, sh), 1120 (s, sh, ClO).
[Ag2(L)2]2(NO3) (4)
A mixture of AgNO3 (33.9 mg, 0.2 mmol), L (43.8 mg, 0.2 mmol)
was stirred in ethanol/water mixed solvent (8 mL, v/v: 1/1). Then, a
aqueous NH3 solution (25%, 2 mL) was dropped into the mixture to
give a clear solution under ultrasonic treatment. The resultant
solution was placed in darkness to evaporate slowly at room tem-
perature for several days to afford colorless crystals of 4 (yield 62%,
based on silver). Anal. Calc. (found) for Ag2C18H26N16O6: C 27.78
(27.58), H 3.37 (3.32), N 28.80 (28.24)%. Selected IR peaks
(cm1): 3462 (s), 3363 (s, sh), 3155 (s), 1647 (s), 1581 (s), 1532
(s), 1460 (m), 1381 (s, NO).
[Ag2(L)2]2(ClO3) (5)
A mixture of Ag2O (23.2 mg, 0.1 mmol), L (43.8 mg, 0.2 mmol)
and NaClO3 (21.2 mg, 0.2 mmol) was stirred in ethanol/water
mixed solvent (8 mL, v/v: 1/1). Then, a aqueous NH3 solution
(25%, 2 mL) was dropped into the mixture to give a clear solution
under ultrasonic treatment. The resultant solution was placed in
darkness to evaporate slowly at room temperature for several days
to afford colorless crystals of 5 (yield 53%, based on silver). Anal.
Calc. (found) for Ag2C18H26Cl2N14O6: C 26.33 (26.53), H 3.19
(3.29), N 23.88 (23.68)%. Selected IR peaks (cm1): 3470 (s), 3313
(s), 3110 (s, br), 1675 (s), 1636 (s), 1538 (s), 1453 (s), 1401 (s),
975 (s, sh, ClO).
X-ray crystallography
Suitable single crystals of the complexes 1–5 with appropriate
sizes were chosen under an optical microscope and then mounted
Table 2
Selected bond lengths (Å) and angles () for complex 1–2.
Complex 1
Ag1–N1 2.305(4) Ag1–N31 2.286(4)
Ag1–N15 2.223(4) Ag2–N82 2.198(4)
Ag2–N10 2.467(3) Ag2–N16 2.184(4)
N31–Ag1–N1 110.45(13) N15–Ag1–N31 134.65(13)
N15–Ag1–N1 112.96(14) N16–Ag2–N82 141.21(15)
N82–Ag2–N10 100.43(13) N16–Ag2–N10 115.38(13)
1X;1 Y ;Z; 21 X;1=2þ Y ;1=2 Z; 31 X;1=2þ Y;1=2 Z
Complex 2
Ag1–O1 2.499(6) Ag2–N8 2.128(5)
Ag1–N11 2.182(5) Ag2–N102 2.166(5)
Ag1–N3 2.229(5) N11–Ag1–O1 113.5(2)
N11–Ag1–N3 141.0(2) N3–Ag1–O1 104.78(2)
N8–Ag2–N102 164.1(2) 12 X;Y ;2 Z;
2  X;1=2 þ Y ;3=2 Z
Table 3
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AXS CCD single-crystal diffractometer with a graphite-monochro-
mated Mo Ka radiation source ðk ¼ 0:71073 ÅÞ. Data were reduced
by SAINT and absorption corrections were applied with the SADABS
program [42]. In all cases, the highest possible space group was cho-
sen. All structures were solved by direct methods using the
SHELXTL package and refined on F2 by full-matrix least-squares
methods [43,44]. Atoms were located from iterative examination
of difference F maps following least-squares refinements of the ear-
lier models. Hydrogen atoms were placed at calculated positions
and included as riding atoms with isotropic displacement parame-
ters 1.2–1.5 times Ueq of the attached C or N atoms. All structures
were examined by the Addsym subroutine of PLATON [45] to assure
that no additional symmetry could be applied to the models.
Crystallographic information files of complexes 1–5 have been
deposited in cambridge crystallographic data centre with numbers
967,493, 907,184, 906,558, 906,556 and 906,557, respectively.
Crystallographic data are collated in Table 1.Selected bond lengths (Å) and angles () for complex 3–5.
Complex 3
Ag1–N1 2.163(2) Ag1–N31 2.495(2)
Ag1–N8 2.169(2) N1–Ag1–N31 97.72(8)
N1–Ag1–N8 154.89(9) N8–Ag1–N31 107.39(8)
11 X;1 Y ;Z
Complex 4
Ag1–N11 2.112(4) Ag1–N3 2.133(4)
N11–Ag1–N3 169.24(15)
12 X;1 Y ;Z
Complex 5
Ag1–N11 2.117(3) Ag1–N3 2.151(3)
N11–Ag1–N3 168.94(11)
1  X;2 Y;2 ZResults and discussion
Synthesis
The syntheses of compound 1–5 were conducted by ultrasonic
treatment in the darkness to avoid photodecomposition. An ultra-
sonic technique can bring high local temperatures and pressures,
in combination with extraordinarily rapid cooling, providing a
unique tool for driving chemical reactions in extreme conditions.
In this system, the ultrasound technique also has the advantages
of rapidness (10 min) and efficiency (maximum 30 different
experiments in one batch) in the preparation of CCs [46–48].Structure descriptions
Coexistence of metallacycle and chain isomers in complexes 1 and 2
X-ray analysis reveals that complex 1 crystalizes in the mono-
clinic space group P21=c. The asymmetric unit of 1 consists of
two Ag(I) ions, two L ligands, two NH3 molecules and a nds anion.
As shown in Fig. 1a, both Ag1 and Ag2 are located in an approxi-
mately trigonal-planar geometry (sums of the bond
angles = 360.0(4) and 357.0(4)) and coordinated by a NH3 mole-
cule (Ag1–N = 2.223(4), Ag2–N = 2.184(4) Å), and two nitrogenTable 1
Crystal data and structure refinement parameters of complexes 1–5.
Complex 1 2
Empirical formula C28H38Ag2N16O6S2 C22H26Ag2F6N14O4
Formula weight 974.62 880.31
Temperature/K 173(2) 173(2)
Crystal system Monoclinic Monoclinic








Z, qcalc mg=mm3 4, 1.810 4, 1.921
m/mm1 1.279 1.380
F(000) 1968.0 1744.0
Reflections collected 54114 26778
Independent reflections/Rint 8195/0.0782 6264/0.0763
Data/restraints/parameters 8195/0/492 6264/0/436
Goodness-of-fit on F2 1.119 0.903
Final R1; wR2 [I P 2r(I)] 0.0511, 0.1258 0.0635, 0.1711
Final R1; wR2 [all data] 0.0791, 0.1493 0.0879, 0.2411
Largest peak/hole/eA3 1.13/1.31 2.34/1.85atoms from two symmetric-related ligands (Ag1–N = 2.305(4)
and 2.286(4), Ag2–N = 2.198(4) and 2.467(3) Å). Bond lengths
and angles around Ag centers in 1 and 2 are collated in Table 2.
Although not unprecedented in amino-triazine-metal complexes
[8], it is interesting to note that the Ag(I) centers are not in the
same plane as the triazine rings, with the distances between the
Ag(I) centers and the planes being 0.085 Å (Ag1) and 0.583 Å
(Ag2). The Ag1 and Ag2 ions are linked into dimeric metallacycles




















0.0317, 0.0818 0.0435, 0.1103 0.0343, 0.0925
0.0336, 0.0831 0.0466, 0.1121 0.0407, 0.1104
0.47/0.95 1.17/0.83 1.10/-0.97
Fig. 1. (a) The coordination environments of Ag(I) ions in complex 1, with the thermal ellipsoids at 40% probability level. Hydrogen atoms are omitted for clarity. (b) The
metallacycle [Ag2(L)2(NH3)2]. A top (c) and a side (d) view of the left-handed helix [Ag(L)(NH3)]n. (e) Packing diagram of complex 1 viewed along b axis, with cycles green
colored, left- and right-handed helices dark-red and blue colored. (f) Multiple supramolecular interactions involving the nds anion. [The NH3 molecules, the amino and methyl
groups are omitted for clarity in central projection of (c) and (e). Symmetric codes: (i) x; 1 y; z; (ii) 1 x; 1=2þ y; 1=2 z; (iii) x; 1þ y; z; (iv) 1 x; 1 y; z; (v)
x; 3=2 y; 1=2þ z; (vi) x; 1=2þ y; 1=2 z; (vii) x; 1þ y; z; (viii) 1 x; y; z]. (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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and d), respectively. Interestingly, the helices look identical as
the metallacycles along b axis (Fig. 1)e, and this is related to the
similarities between the ligands in the two forms, including the
same bidentate coordination mode and similar trans con-
formations (torsion angles = 169.9(5) and 170.4(6), dihedral
angles = 77.2(2) and 81.8(2)). Alternate right- and left-handed
helical chains present in equal amounts, and they links the metal-
lacycles through double N–H  N hydrogen bonds (N  N =
2.954(5) and 3.092(5) Å) and a p–p interaction between the tri-
azine rings (d = 3.742(2) Å). The nds anion shows multiple
supramolecular bridging interactions among the metallacycles
and the chains (Fig. 1f), including weak Ag  O interactions
(Ag  O = 2.919(3) and 2.724(3) Å), hydrogen bonds with the NH3
molecules and the amino groups (N  O = 2.840(4)–3.345(5) Å),
as well as a p–p interaction (d = 3.512(3) Å) and a C–H  p interac-
tion (3.430(3) Å) with two imidazole groups.
Complex 2 crystalizes in the monoclinic space group P21=c, and
its asymmetric unit consists of two Ag(I) ions, two L ligands and two
CF3CO

2 anions. The Ag1 ion is in trigonal-planar geometry and
coordinated by two nitrogen atoms from different L molecules
and an oxygen atom from a CF3CO

2 anion. (Fig. 2a) A pair of symme-
try-related Ag1 ions are bridged by two L molecules to give rise to
the metallacycle [Ag2(L)2(CF3CO2)2] (Fig. 2b). The Ag2 ion is linearlycoordinated by two nitrogen atoms from distinct L molecules,
which bridge the Ag2 ions into the helical chain [Agn(L)n]n+ extend-
ing along b axis. (Fig. 2c and d) As in the case of complex 1, the Ag(I)
centers are not in the same plane as the triazine rings, with the dis-
tances between the Ag(I) centers and the planes being 0.206 Å (Ag1)
and 0.181 Å (Ag2). Unlike the case in 1, the crystallographically dis-
tinct L molecules take greatly different conformations in the metal-
lacycle and in the helical chain. In the metallacycle, the L molecule
has a torsion angle of54.5 and a dihedral angle of 42.2, whereas,
in the helical chain, the L molecule shows a torsion angle of172.7
and a dihedral angle of 45.7. Along the bc plane (Fig. 2e), alterna-
tive left- and right-handed helices and the metallacycles are linked
by the CF3CO

2 anion through a double Ag  O bridge (Ag1–
O1 = 2.499(5) Å, Ag2  O1i = 2.819(5) Å, Ag1  O4ii = 2.840(6) Å,
Ag2  O4 = 2.865(5) Å, symmetry code: i: 1 + x, y, z; ii: 1 + x, y,
z.) and p–p stacking interactions between the triazine rings
(d = 3.599 Å). Furthermore, the helices, the metallacycles and
CF3CO

2 anions are bridged by hydrogen bonds to give a two-dimen-
sional layer structure approximately along the ab plane (Fig. 2f).Metallacycles in complexes 3–5
Complex 3 crystalizes in the monoclinic space group P21=c, and
it consists of dimeric metallacycle [Ag2(L)2(NH3)2]2+ to which the
Fig. 2. (a) The coordination environments of Ag(I) ions in complex 2, with the thermal ellipsoids at 40% probability level. Hydrogen atoms are omitted for clarity. [Symmetric
codes: (i) 1 x; 1 y; z; (ii) 1 x; 1=2þ y; 1=2 z] (b) The metallacycle [Ag2(L)2(CF3CO2)2]. A top (c) and a side (d) view of the left-handed helix [Ag(L)]n. [(c) is in
central projection with the NH3 molecules, the amino and methyl groups omitted for clarity] (e) Ag  O bridging and p–p stacking interactions between the helices and the
cycles along the bc plane. (f) H-bonding interactions in complex 2.[In (e) and (f), the cycles are green colored; left- and right-handed helices are dark-red and blue colored.]
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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(Ag  O = 3.017(3) Å). (Fig. 3a) The Ag(I) ion shows a trigonal-pla-
nar geometry similar to that in complex 1. Bond lengths and angles
around Ag centers in 3–5 are collated in Table 3. Likewise, the Ag(I)
center shows comparatively large deviation from the plane of the
triazine ring, with the distance being 1.037 Å. In the metallacycle,
the Ag  Ag distance is 5.768(1) Å which is related to the L ligand
taking a gauch conformation with a torsion angle of 62.3(3) and a
dihedral angle of 72.0(3), also, there are nonnegligible intracyclic
p–p interactions between the imidazole rings (d = 3.808(2) Å).
These metallacycles connect each other to a 2D layer structure
(Fig. 3b) through double N–H  N hydrogen bonds (N  N = 3.118(7)
and 3.265(6) Å) and C–H  p interactions between the ethyl C–H
group and imidazole ring (3.299(3) Å). The layers are further bridged
by the ClO4 anions between them via weak N–H  O hydrogen bond-
ing (Fig. S1, N  O = 2.989(6)–3.316(6) Å).
Complexes 4 and 5 crystallize in the space group P1 with
related unit cell dimensions, and they are isostructural with only
the difference of the anion, consisting of centro-symmetric dimeric
metallacycles [Ag2(L)2]2+. (Fig. 4a) In these metallacycles the Ag(I)
ions show linear coordination environment without NH3 ligation
which are found in 1 and 3. The deivations of the Ag centers from
the triazine rings are comparatively small, with distances being
0.176 Å (4) and 0.036 Å (5). In addition, the intracyclic Ag  Ag dis-
tances are 5.275(1) Å (4) and 5.247(1) Å (5) which are related tothe L ligands in gauche configurations with the torsion angles of
84.5(5) (4) and 83.8(4) (5) as well as the dihedral angles of
40.6(2) (4) and 38.0(2) (5). The metallacycles are linked into a
two-dimensional layer structure through double N–H  N hydro-
gen bonds between the ligands (N  N = 3.058(6) and 3.079(6) Å
in 4, N  N = 3.092(4) and 3.195(4) Å in 5). Different from the case
in 3, the anions in 4 and 5 are located in the layers and contribute
to the stabilization via weak Ag  O interaction (Ag  O
(NO3 ) = 2.708(5) Å in 4, Ag  O (ClO

3 ) = 2.678(3) Å in 5) and
N  O hydrogen bonds (N  O = 2.925(6)–3.179(7) Å in 4,
N  O = 2.895(4)–3.271(4) Å in 5). Furthermore, there are two
kinds of p interactions between the layers (Fig. S2), including
strong p–p interactions between the triazine rings
(d = 3.328(3) Å in 4, d = 3.322(2) Å in 5) and relatively weak p–p
interactions between the imidazole rings (d = 3.747(3) Å in 4,
d = 3.894(2) Å in 5).
Coordination behavior of the ligand and anion influences on the structures
of Ag-L coordination complexes
As shown in the descriptions above, a novel family of Ag(I)
coordination complexes 1–5 with the 2,4-diamino-6-[2-(2-methyl-
1-imidazolyl) ethyl]-1,3,5-triazine (L) and different anions were
successfully synthesized and characterized. Structural analysis
reveals interesting coordination behavior of the L ligand and anion
effects on the structures of Ag–L coordination complexes.
Fig. 3. (a) The metallacycle [Ag2(L)2(NH3)2] in complex 3, with the thermal ellipsoids at 40% probability level. Hydrogen atoms are omitted for clarity. [Symmetric codes: (i)
1 x; 2 y; 1 z] (b) Hydrogen bonded layer along the ab plane.
62 H.-X. Mei et al. / Journal of Molecular Structure 1091 (2015) 57–64In these compounds, the L ligand shows a bidentate coordina-
tion mode with a imidazolyl and a triazinyl nitrogen donor. In con-
trary to the noncoordination of the DAT group in rigid ligands
containing other coordination units, the coordination of the
diaminotriazinyl (DAT) group is certainly related to the flexibility
of the ligand which allows various conformations to meet the
requirements of coordination and noncovalent interactions. Also,
it is notable that in 1 the Ag–Ntriazine bond (2.467(3) Å) in the heli-
cal chain is 0.181 Å longer than that in the metallacycle. The sig-
nificant bond length difference may arise from the weak nature
of Ag–Ntriazine coordination whose strength is sacrificed for other
covalent and noncovalent interactions to maximize the stabiliza-
tion energy of the crystal lattice.
On the other hand, the anions cause different coordination
geometries around the Ag(I) centers, various conformations of the
L molecules, and more significantly, two different structural pat-
terns, including coexistence of metallacycle and chain (ring-opening
isomers) in the crystals of 1 and 2 as well as metallacycles in 3–5.
Ring-opening isomerism is of much current interest. Several cases
have shown that reversible ring-opening of macrocyclic complexes
with labile metal centers can occur in solution, and then thecrystallization process can yield either the metallacycle or polymer
form (often chain), which may be determined by template effects
involving solvent or guest molecules, or by secondary bonding
involving counterions [49–56]. However, there are remarkably few
cases showing cocrystal structures of metallacycle and chain iso-
mers [57,58]. In our cases, the interactions involving the anions
undoubtedly play an important role in the formation of such
structural patterns. While the nds anion involves in multiple
supramolecular bridging interactions among the metallacycles and
the chains, the CF3CO

2 anion mainly functions in double Ag  O
bridging interactions between Ag(I) centers of the metallacycle
and the chain. It is remarkable that the nds anion and the
CF3CO

2 anion function in different ways for the formation of
the cocrystal structures of metallacycle and chain isomers in the
Ag(I)–L system.
X-ray power diffraction analysis, thermal analysis and photoluminescence
properties
Powdered X-ray diffraction patterns of the complexes 1–5 are
showed in Fig. S4. The experimental patterns agree with the
Fig. 4. (a) The metallacycle [Ag2(L)2] in complex 4, with the thermal ellipsoids at 40% probability level. Hydrogen atoms are omitted for clarity. [Symmetric codes: (i)
2 x; 1 y; z] (b) Hydrogen bonded layer structure in complex 4.
H.-X. Mei et al. / Journal of Molecular Structure 1091 (2015) 57–64 63simulated patterns very well, suggesting the phase purity of
the complexes. There are differences in reflection intensities
between the simulated and experimental patterns, because of the
variation in preferred orientations of the powder sample during
the powdered X-ray diffraction experiments.
Thermal analysis of the complexes 1–5 (Fig. 5) reveals that com-
plexes 1 and 3–5 start to decomposed at about 250 C. Complex 2
shows a weight loss of 6.9% from 105 to 185 C, which can be
assigned to the loss of C and O atoms of the CF3CO2 anionFig. 5. TGA curves of the complexes 1–5.(calculated 6.3%), in addition, the weight loss starting from about
280 C indicates the decomposition of the compound.
Emissive CCs are of great current interest due to their various
applications in chemical sensors, photochemistry, and electro-
luminescent materials for displays [59–62]. Thus, the
photoluminescent properties of 1-5 as well as free ligands were
measured in the solid state at room temperature (Fig. 6). The free
H2nds4H2O shows the maximum emissions at 401 nm, and the LFig. 6. Solid state emissions of the nds, L and complexes 1–5.
64 H.-X. Mei et al. / Journal of Molecular Structure 1091 (2015) 57–64ligand shows a strong emission at 340 nm and a weak emission at
about 415 nm ðkex ¼ 300 nmÞ. The emission of complex 1 is cen-
tered at approximately 340 nm ðkex ¼ 250 nmÞ, while the emis-
sions of complexes 2–5 are around 414, 408, 416 and 399 nm
(kex = 300 nm), respectively. Thus, the emission of complex 1 can
be attributed to the short-wavelength emission of L, while the
emissions of 2–5 are assignable to the long-wavelength emission
of L. The L ligands in complex 1 is more separated than those in







3 . Thus, it may deduce that more separated L
ligands favors short-wavelength emission in 1, while more com-
pacted alignment of the L ligands with stronger inter-ligands inter-
actions favors long-wavelength emission in 2–5.
Conclusions
Using a novel flexible ligand 2,4-diamino-6-[2-(2-methyl-1-im-
idazolyl) ethyl]-1,3,5-triazine, we synthesized and characterized
five Ag coordination complexes with different counteranions. The
1,5-naphthalenedisulfonate and the CF3CO

2 anion lead to the
cocrystal structures of ring-opening isomers, while ClO4 , NO

3
and ClO3 afford metallacycles. In addition, these complexes show
ligand-based photoluminescent emissions.
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